Electropalatography (EPG) was used to describe the pattern of linguopalatal contact and the consonant phase durations exhibited by a group of seven individuals with dysarthria associated with Friedreich's ataxia (FRDA). A group of 14 non-neurologically impaired individuals served as controls. The Reading Electropalatograph (EPG3) system was used to record linguopalatal contact during production of the target consonants (/t/, /l/, /s/, /k/) elicited in five words of CV and CVC construction, with the target consonants in word initial position. These words were embedded into short sentences and repeated five times by each participant. The FRDA group exhibited significantly increased consonant durations compared with the controls while maintaining normal linguopalatal contact patterns. These findings suggest that the articulatory impairment in FRDA manifests as a temporal rather than spatial disturbance.
Friedreich's ataxia (FRDA) is an autosomal recessive neurodegenerative disease primarily affecting the dorsal root ganglia, spinocerebellar tracts, the corticospinal pathways and the dorsal columns of the spinal cord. In later stages of the disease, the lesions may extend to include the ascending and descending bulbocortical projections as well as the cerebellar cortex and nuclei. The major clinical features include unsteadiness of gait, ataxia of the upper limbs, dysarthria, scoliosis, cardiomyopathy, diminished or absent tendon reflexes and disturbed vibration sense and proprioception (Delatycki et al., 1999) . Clinical manifestation generally begins in childhood with the average age at onset being 10 years, the individual becoming wheelchair bound at an average age of 19 years and life expectancy being markedly reduced (Delatycki et al., 1999) . Dysarthria constitutes a core symptom of FRDA, presenting between 5 and 19 years post onset (Schöls et al., 1997) and is thus considered a mandatory criterion for diagnosis of FRDA (Harding, 1981) .
The speech disorder in FRDA has been described as prominently ataxic in nature (Gentil, 1990; Gilman & Kluin, 1985) with mixed spastic-ataxic components commonly presenting (Blaney & Hewlett, 2007; Folker et al., 2008; Joanette & Dudley, 1980) . While ataxic dysarthria may affect all aspects of speech production including respiratory, phonatory, resonatory and articulatory levels, its most prominent characteristics are evident in articulation and prosody. Ataxic dysarthria reflects a breakdown in timing and coordination of speech, illustrating the role of the cerebellum and its connections in motor speech control and resulting in slowness and inaccuracy in the force, timing and direction of the speech movements (Duffy, 1995) .
Perceptual and acoustic studies of dysarthria in FRDA have reported an articulatory disturbance (Blaney & Hewlett, 2007; Folker et al., 2010; Gentil, 1990; Gilman & Kluin, 1985; Joanette & Dudley, 1980) , describing deviant features of imprecise consonant production, prolongation of phonemes, irregular articulatory breakdown and reduced rate of speech. Instrumental investigation can assist in elucidating the underlying cause of these articulatory disturbances. Electropalatography (EPG) is a valuable tool for the assessment of articulatory characteristics, describing place of articulation, idiosyncratic spatial configuration of linguopalatal contact and providing objective measurement of the duration of selected phases of the linguopalatal contact that occurs during consonant production. EPG studies in acquired dysarthria have revealed distorted linguopalatal contact patterns (Goozée, Murdoch, & Theodoros, 2003; Kuruvilla, Murdoch, & Goozée, 2008; McAuliffe, Ward & Murdoch, 2005; Morgan Barry, 1995) and impaired segment durations (Gibbon, Murdoch, Hardcastle, Theodoros & Cahill, 2000; Goozée, Murdoch & Theodoros, 1999; Kuruvilla et al., 2008; McAuliffe at al., 2005; Murdoch, Gardiner & Theodoros, 2000) . Investigations of the spatial aspects of tongue-to-palate contact in dysarthria have described articulatory undershoot (too little tongue contact with the palate; Goozée et al., 2003; McAuliffe et al., 2005 , Morgan Barry, 1995 articulatory overshoot (too much contact with the palate; Kuruvilla et al., 2008; McAuliffe et al., 2005; Morgan Barry, 1995; Murdoch et al., 2000) and tongue placement more posterior on the palate compared with controls (Gibbon et al., 2000; Goozée et al., 2003; Murdoch et al., 2000) . It has been postulated that spatial deficits are related to impaired lingual motor control, affecting the precision and accuracy of linguopalatal contact (Goozée et al., 2003; Kuruvilla et al., 2008; Murdoch et al., 2000) . Gibbon et al. (2000) and Murdoch et al. (2000) investigated both spatial and temporal aspects of consonant production in single-case studies of patients with ataxic and ataxic-spastic dysarthria respectively, describing phase durations to be more prominent than spatial aberrations in these patients. These deficits have been attributed to impairments in the speed, coordination, execution or planning of movement (Goozée et al., 1999) .
EPG has not been applied to the dysarthria associated with FRDA. Accordingly, the aim of the current study was to use EPG to investigate the articulatory disturbance in FRDA, specifically, to describe the pattern of linguopalatal contact and the consonant phase durations for an array of consonants, including /t/, /l/, /s/, /k/. A variability index was applied to investigate the intraparticipant variability in articulatory performance. Considering the reported ataxic nature of the dysarthria in FRDA and the significant articulatory disturbance that has been described, of particular significance, the perceptual features of consonant imprecision and prolongation of phonemes, the use of EPG would expectantly reveal linguopalatal aberrations. Furthermore, in line with the only reported EPG study of ataxic dysarthria , it was hypothesized that the temporal aspects of consonant production would be more compromised than spatial aspects of linguopalatal contact in the FRDA participants.
Method Participants
The subject group consisted of seven individuals, four females and three males, diagnosed with FRDA with genetic confirmation. The mean age of the group was 41.71 years (SD = 8.3) with an age range of 35-56 years. All participants were native speakers of English and had no history of a coexisting neurological disorder or a speech disturbance before the onset of FRDA. All participants presented with dysarthria and with varying degrees of articulatory impairment. To obtain a speech profile for each participant with FRDA, a speech sample consisting of a reading of the standard passage ('The Grandfather Passage') was collected from each participant and rated independently by two speech-language pathologists. A perceptual rating scale, based on Fitzgerald, Murdoch and Chenery (1987) , was used to rate 30 different parameters of speech production, encompassing prosody, respiration, phonation, resonance, and articulation. Relevant to the current study, only the three dimensions pertinent to articulatory function (precision of consonants, prolongation of phonemes and general rate) were included in the speech profile. The two raters listened and scored the samples independently. Calculation of interrater reliability revealed a 97.14% agreement between the two independent raters. The raters then conferred to produce a single consensus rating which was subsequently used for the speech profile. In addition, a consensus classification of the dysarthria type for each participant was determined from the speech sample by the two raters, according to the criteria outlined by Darley, Aronson and Brown (1975) . Specific biographical details and the speech profile for the participants with FRDA are shown in Table 1 .
A group of 14 non-neurologically impaired adults, including six males and eight females, served as controls. The mean age of the control group was 31.73 years (SD =8.22) with an age range of 28-52 years. All control participants were native English speakers with no history of speech or language difficulties and all presented with perceptually normal speech as perceived by a speech-language pathologist.
Assessment Procedures
The Reading Electropalatograph (EPG3) system was used to record the electropalatographic data and corresponding acoustic output for each participant. A tailor-made acrylic EPG palate was provided for each participant, constructed from a plaster mold of the individual's hard palate. The acrylic EPG palate extended from the central incisors to the junction between the soft and hard palate and was laterally bordered by the side teeth (Hardcastle, Gibbon & Jones, 1991a) . Embedded within the palate were 62 touch sensitive miniature electrodes, organized into eight columns Mild-moderate Spastic ataxic Duration = years since disease onset; *= 5 point rating scale, normal-severe; **= 7 point rating scale, excessively slow-excessively rapid; ***= 7 point rating scale, no dysarthria-severe.
according to a predetermined scheme based on anatomical landmarks (Hardcastle et al., 1991a) . The EPG linguopalatal contact data were sampled at 10ms time intervals (100 Hz). Refer to Hardcastle et al.(1991a) for a review of the Reading EPG hardware and software. Acoustic data were acquired at a sampling rate of 16 kHz using a headset microphone, positioned approximately 10cm from the mouth and connected to the main EPG unit. Before the assessment, participants were required to wear the artificial palate for a minimum period of 20 min to allow adjustment to the presence of the artificial palate in the mouth. The assessment was commenced once the participant's speech was unaffected by the presence of the EPG palate, as perceived by a speechlanguage pathologist.
The EPG assessment protocol included five words of CV and CVC construction with the target consonants in word initial position. These words were embedded into short sentences and repeated five times by each participant. The target consonants investigated included four consonant singletons and one consonant cluster and were as follows: the alveolar stop /t/ in the word "tarp", the velar stop /k/ in the word "car" (presented in the sentence "A tarp will cover a car"), the alveolar fricative /s/ in the word "saw", the lateral approximate /l/ in the word "lark" (presented in the sentence "Pa saw a shark and a lark") and additionally the consonant cluster / kl/ in the word "clerk" (presented in the sentence "A clerk squeezes a star"). These target consonants were selected to demonstrate differences of place and manner of articulation. Each target consonant was preceded and followed by a mid or low vowel to elicit greater lingual movement up to and down from the palate. The sentence stimuli were presented in a random order among other stimuli that are not included in the present investigation but formed part of a larger study. Similar assessment procedures have been used in previous studies conducted in the Centre for Neurogenic Communication Disorders Research, The University of Queensland (Cheng, Murdoch, Goozée, & Scott, 2007) .
Analysis Procedures
The EPG and acoustic data were loaded into the analysis program Contact Palatography (Scott & Goozée, 2002) which runs in Matlab © (version r2007). Contact Palatography allows segmentation of the data by generating totals displays that graph the number of contacted electrodes in a region of the palate plotted over time (Hardcastle, Gibbon & Nicolaidis, 1991b) .
Spatial Palatal Measures
Using the totals display, a single EPG frame at the point of maximum linguopalatal contact during each target consonant production was selected. Each participant's frames of maximum contact were analyzed for amount and pattern of linguopalatal contact employing a series of indices and measures. Similar procedures have been previously applied within the Centre for Neurogenic Communication Disorders Research (Cheng et al., 2007; McAuliffe, Ward & Murdoch, 2006) .
Representative Frames of Maximum Contact
Individual representative frames of maximum contact (IRF) were generated for each target consonant across the speaker's five sentence productions. An electrode was considered to be representative of the speaker's consonant production if it was activated for at least 75% of repetitions. Furthermore, an overall representative frame of maximum contact (ORF) was generated to express the characteristic linguopalatal contact patterns for each target consonant for the control and FRDA groups.
Amount of Linguopalatal Contact
The amount of linguopalatal contact was ascertained by calculating the number of activated electrodes within a specific region of the palate at the frame of maximum contact during consonant production. For the alveolar stop /t/, the alveolar fricative /s/ and the lateral approximate /l/, the total number of activated electrodes within the anterior region (rows 1-4) of the palate was calculated (maximum total of 30 electrodes). For the velar stop /k/, the total number of activated electrodes within the posterior region (rows 5-8) of the palate was calculated (maximum total of 32 electrodes). The number of activated electrodes was averaged across the five repetitions for each participant and an overall group mean for the amount of linguopalatal contact for each target consonant was calculated.
Pattern of Linguopalatal Contact
To investigate the pattern of linguopalatal contact, each frame of maximum contact was visually inspected for the following measures of closure and constriction. A mean value for each measure was calculated over the five repetitions for each participant and a group mean determined for further analysis.
Aspects of Closure (/t/, /l/, /k/).
Most anterior row contacted (row number): For the anterior consonants (/t/
and /l/) this measure was based on the most anterior row that was contacted overall. In the case of the velar consonant /k/, the measure was based on the most anterior row contacted in the midline (center four electrodes). 2. Number of rows with complete closure: This measure expressed the number of rows with all electrodes activated. 3. Length of closure in the midline: This measure reflected the number of rows wherein the medial four electrodes were activated.
Aspects of Constriction (/s/).
Location of the point of maximum constriction:
This measure reflected the row number with the smallest groove width (row with the least number of consecutive inactivated electrodes). 2. Groove width: This measure expressed the number of consecutive inactivated electrodes at the point of maximum constriction.
Center of Gravity (COG)
The COG index was used to express the location of the tongue-to-palate contact. This numerical index provides a fractional row number (1-8, anterior-posterior) indicating the location of the main concentration of contacts along the midsagittal line of the EPG palate and was computed automatically by the program, Contact Palatography. The COG values for each consonant production were averaged across the five repetitions for each participant. From these values an overall group mean for the FRDA and control groups was obtained.
Variability of Contact
The variability index (Cheng et al., 2007; Gibbon, McNeill, Wood & Watson, 2003) was employed to quantify the degree of variability in the linguopalatal contact patterns across a speaker's consonant productions. To calculate the variability index, the IRF were visually inspected and the percentages of activation were given a representative value. Activation scores of 0% and 100% indicate no variability with 50% indicating maximum variability. Therefore, scores below 50% were summed from 0 and scores larger than 50% were summed from 100 to ascertain the representative value to be used for the variability index (i.e., 20% and 80% = 20). The converted values were then summed and divided by the total number of activated electrodes on the palate for each individual speaker. These values were also summed and averaged to provide a group result.
Temporal Palatal Measures
Four specific annotation points across the totals display were used to identify and measure the three phases of lingual consonant production for stops: (a) the approach phase (between annotation points 1 and 2) in which the tongue moves to form a pattern of closure on the palate for the production of stops or constriction in the case of fricatives, (b) the closure or stable constriction phase (between annotation points 2 and 3) and (c) the release phase in which the tongue moves from its position on the palate, releasing the closure or constriction and moving toward the position for the subsequent sound. The criteria for the annotation points, as used by Goozée et al. (1999) , are presented below. Annotation point 1. Onset of approach was identified as the frame immediately before the number of contacted electrodes began to increase. Annotation point 2. Onset of closure was identified as the first frame that demonstrated a complete anterior seal in the anterior region of the palate for the alveolar stop /t/; the first frame that demonstrated at least four central electrodes contacted in the anterior region of the palate for the lateral approximate /l/ and the first frame that demonstrated at least four central electrodes in the posterior region of the palate for the velar stop /k/. Onset of stable constriction for the anterior fricative /s/ was identified as the first frame that demonstrated the beginning of a plateau during which time the number of contacted electrodes remained relatively stable.
Annotation point 3. Onset of release was identified as the final frame that exhibited a complete anterior seal in the anterior region of the palate for the alveolar stop /t/; the final frame that exhibited at least four central electrodes contacted in the anterior region of the palate for the lateral approximate /l/, and the final frame that exhibited at least four central electrodes in the posterior region of the palate for the velar stop /k/. Onset of release for the anterior fricative /s/ was identified as the final frame of the plateau, after which the number of contacted electrodes started to decline. Annotation point 4. End of release was identified as the frame that immediately followed a steady decline in the number of contacted electrodes and the beginning of stable contact for the following vowel. Mean durations for each phase of consonant production were calculated for each participant's repetitions of the target consonant. A group mean was calculated from these values.
Temporal Variability
Temporal variability of articulation was determined using a coefficient of variation (CV; Dromey & Ramig, 1998; McAuliffe et al., 2003) which was calculated by dividing the standard deviation by the mean. The mean and standard deviation of each speaker's five repetitions were used to calculate the individual's CV for the approach, closure/constriction and release phases, and total consonant duration for each target consonant. The individual CV values were then averaged to provide a group result.
Analysis criteria
Before analysis, all recorded target sentences were screened to ensure each consonant included in the final data set was appropriate for analysis. Each target consonant was to be perceptually representative of the participant's natural speech and meet the criteria for annotation. A minimum of four successful productions were required in order for the speaker to be included in the data set.
A large percentage of participants consistently produced the velar stop /k/ without displaying full posterior closure and thus the velar consonant was removed from analysis of pattern of closure and phase duration. For the remaining anterior consonants, a total of 4.44% of productions collected from the FRDA group and 5% from the control group did not satisfy the analysis criteria for pattern of closure and phase duration, and thus were omitted from the data set for those parameters. As a result, three control participants and one FRDA participant were excluded from the data set for the analysis of the singleton /l/ and one FRDA participant was excluded for the analysis of /l/ as produced within the /kl/ cluster. All productions were included for analysis of amount of contact.
Statistical Treatment
The EPG data were screened for outliers before statistical analysis. A value was defined as an outlier if greater than 3.29 standard deviations from the control group mean (Field, 2005) . A total of 15 outliers were identified in the EPG data (eight from the spatial data and seven from the temporal data) and were replaced with the new group mean. The EPG data from the FRDA and control groups was analyzed by a series of t tests for independent measures using the Levene's test for equality of variances.
Results

Spatial Palatal Measures
The ORF of maximum contact generated for the consonant singletons /t/, /l/, /s/ and /k/ and for the consonant cluster /kl/ are presented in Figure 1 . The ORF indicated that the control group generally demonstrated patterns of tongue-to-palate contact according to the expected configurations. The alveolar stop /t/ was produced with full anterior closure and the alveolar fricative /s/ produced with a groove of uncontacted electrodes in the anterior region of the palate. While the majority of the control group adhered to the expected configuration for the lateral approximant /l/, visual inspection of the IRF revealed that two control participants (14%) did not consistently demonstrate medial closure along the palate. In addition, full contact along the posterior rows was not detected for the production of /k/ by the majority of control subjects. As these productions were considered perceptually acceptable it is postulated that closure occurred posterior to the EPG palate.
The ORF generated for the FRDA participants did not notably deviate from those of the control group. The consonant /t/ was produced with full anterior closure by all participants, and /l/ produced with medial closure. Visual inspection of the IRF revealed that two FRDA participants (28%) consistently produced the fricative /s/ with complete anterior closure rather than the expected groove pattern. As with the control group, the majority of FRDA participants produced the velar stop /k/ without demonstrating posterior closure on the palate.
The results of a comparison between the FRDA and control groups for each of the spatial palatal measures for the singleton consonants, and for the consonant cluster /kl/, are presented in Tables 2 and 3 . For the singleton consonants, there were no significant differences between the groups for amount of linguopalatal contact. A significant difference (p < .05) was observed for the velar consonant /k/ as produced in the cluster /kl/. Specifically, the FRDA group demonstrated increased amount of linguopalatal contact compared with the control group (refer to Table 3 ).
Investigation of the pattern of contact revealed significant differences between the two groups for two parameters only. The FRDA group demonstrated significantly increased COG values for /l/ as produced within the consonant cluster /kl/. Examination of the IRFs for number of rows with medial electrodes contacted for the singleton /l/, revealed a significant difference with the FRDA group demonstrating more medial closure for the singleton /l/ compared with the control group.
Comparison of variability index values revealed a significant difference in the variability of tongue-to-palate contacts between repetitions for the production of /l/ within the cluster /kl/. Specifically, the FRDA group was more variable compared with the control group. All other comparisons for variability of contact were nonsignificant. 
Temporal Palatal Measures
Compared with the control group, the FRDA participants demonstrated significantly increased total consonant durations for all alveolar singletons, /t/, /l/ and /s/ (refer to Table 4 ). Closure phase durations for all consonant singletons were significantly longer for the FRDA group, contributing to the increased overall consonant durations. In addition, for the alveolar fricative /s/, the FRDA group demonstrated significantly increased approach phase durations compared with the control group. For the production of /l/ within the consonant cluster /kl/, phase durations did not differ between the FRDA and control groups. Results from the comparison of the CV revealed significantly increased duration variability demonstrated by the FRDA group for the release phases for the consonant singletons /t/ and /l/ (refer to Table 5 ).
Discussion
The results of the present investigation revealed that the FRDA group demonstrated longer consonant segment durations while generally maintaining normal linguopalatal contact patterns. These findings of normal spatial configurations are consistent with previous studies applying EPG to acquired dysarthria, specifically ataxic and mixed ataxic dysarthria types (Gibbon et al., 2000; Murdoch et al., 2000) . Murdoch et al. (2000) , in an investigation of a single case with ataxic dysarthria, reported increased durations of consonant phases with tongue-to-palate contact patterns that were generally anatomically correct. Gibbon et al. (2000) reported the timing deficit to be most salient in an EPG spatial and temporal study of a single case presenting with a moderate-to-severe mixed spastic-ataxic dysarthria.
In the present investigation, significantly increased segment durations were evident in the FRDA group for all consonant singletons investigated. Prolonged closure phase durations were evident for each consonant singleton, contributing to the longer consonant phase durations compared with the control group. With the exception of the approach phase for the fricative /s/, the approach and release phases were unaffected. EPG does not measure the complete lingual movement during consonant production and therefore may be considered inadequate for the measurement of the articulatory closing (approach phase) and opening (release phase) gestures. The value of EPG is in providing articulatory information at the palate (closure phase). Goozée et al. (1999) reported a number of possible explanations for the prolongation of consonant durations, namely (a) disturbances in the speed and coordination of tongue movements during speech, (b) reduced tactile or kinaesthetic sensation of the tongue and (c) difficulty in initiating tongue movements for speech. Cheng et al. (2005) suggested that reduced tongue strength and a reduced ability of the tongue to decelerate sufficiently before contact with the palate may also be possible causes of a prolonged consonant closure phase. Ackermann and Hertrich (1993) , in an acoustic study of seven individuals with FRDA, investigated syllable durations within sentence utterances, and reported increased durations of articulatory gestures to which they attributed to the slowing of articulatory movements. While the vowel segments comprise a major part of the opening and closing articulatory gesture, the tongue is thought to continue propulsion once closure with the palate is made, to establish firmer contact at the place of articulation and to build up the necessary intraoral pressure for consonant production. The slowing of articulatory movements could result in prolongation of both vowel and occlusion segments (Ackermann & Hertrich, 1993) , including prolonged contact at the palate as demonstrated by the present EPG study. The articulatory timing disturbance demonstrated by the FRDA group could plausibly be accounted for by the known effects of cerebellar dysfunction associated with this degenerative disorder. The cerebellum has an important role in speech motor control, specifically in timing and coordination of speech movements. For this reason it could be expected that an increased intra-individual variation coefficient (indicated by standard deviation divided by mean duration) of speech segments would occur in dysarthria associated with cerebellar dysfunction. Keller (1990) reported increased variability of syllabic and intrasyllabic segments during oral diadochokinesis in a study of three individuals with FRDA. From these results a timing deficit in speech motor control was inferred. In the current study, the participants with FRDA were more variable than controls in the release phase durations during the production of /t/ and /l/ within sentence utterances. Overall consonant durations however, were comparable to the control group with respect to variation of coefficients. Ackermann and Hertrich (1993) reported similar findings of preserved timing of speech segments in relation to variability of segment durations. It is possible that consistently increased variability may realize in syllable repetition tasks (Gentil, 1990; Keller, 1990 ) rather than in a sentence context (Ackermann & Hertrich, 1993 ). The two tasks represent different types of articulatory movement that may differ in timing control (Vivani & Laissard, 1991) and thus account for the discrepancies in timing variability.
Increased consonant phase duration, as identified by EPG, may have contributed to the FRDA group's perceptual speech profile of consonant imprecision, reduced rate of speech and reduction in speech intelligibility. Goozée et al. (1999) suggested that prolongation of the closure phase duration of stops may affect the explosive action from closure to release that is required to produce a clear and precise consonant sound, thus resulting in perceived reduction of consonant precision. The longer consonant durations may have resulted in an increase in articulatory time, which, in turn may have contributed to the reduced rate of speech as observed in the majority of FRDA participants. This finding may, in part, be a compensation strategy whereby the FRDA participants voluntarily slow down speech to ensure correct linguopalatal placement and in an attempt to maintain intelligibility. In addition, the increased articulatory durations may be contributed to by the presence of spasticity. Such speculations require further investigation. Spasticity is most likely to affect the velocity of articulatory movement and thus could be further investigated using electromagnetic articulography (EMA) which allows measurement of the range and speed of tongue movements during speech. Furthermore, the investigation of articulatory kinematics during fast, slow and normal rates of speech would provide rather insight into the underlying mechanisms of the articulatory disturbance in FRDA, including the contribution of spasticity.
The current study has demonstrated that EPG is a valuable tool for the investigation of linguopalatal contact during consonant production. Although predominantly used for the purpose of investigating spatial configurations of linguopalatal contact, the current study highlights its usefulness in the measurement of segment durations of consonant production. A limitation of EPG is that this technique does not measure the complete lingual movement during speech production. The use of articulatory-acoustic measures of consonant spectra and durations, to supplement the EPG data, would allow investigation of the complete articulatory gesture. Proposed theories of a disturbance to the speed, or initiation of tongue movement, could be further investigated using the instrumentation of EMA as previously mentioned.
Overall, the findings of the current study indicate that the linguopalatal impairment in the dysarthria of FRDA manifests as a temporal rather than spatial disturbance. EPG confirmed the presence of a timing disturbance, as seen predominantly in the form of increased closure phase durations, with limited deviation from normal linguopalatal spatial configurations. Such physiological investigations add to the existing perceptual descriptions of the dysarthria in FRDA and serve to further our knowledge of the underlying nature of the speech disorder, which is imperative in directing appropriate speech therapy for this population. The results of this study suggest that speech therapy focusing on the articulatory impairment should be directed toward temporal aspects of lingual function rather than tongue placement.
